INTRODUCTION
Sheep may present severe or chronic worm infection, the former leading to rapid death and the latter causing losses in weight gain, wool production, lower reproductive efficiency, and greater susceptibility to disease (SCZESNY-MORAES et al., 2010) . Anthelmintic resistance is widespread in Brazil, and is the main problem faced by the sheep industry. Resistance is the hereditary ability of a population of parasites to reduce their sensitivity to the action of drugs to which they have been previously exposed (FIEL et al., 2003) .
The excessive use of anthelmintics, incorrect administration of dosages lower than those internationally recommended and misdiagnoses of worm infections that lead to the unnecessary use of drugs has caused gastrointestinal parasites to become drug-resistant (SOUZA et al., 2008) . Veríssimo et al. (2012) made a survey of the current situation of parasite resistance in the state of São Paulo (southeast Brazil) and found that 53.6% of the 30 flocks they evaluated were resistant to the five anthelmintic groups they tested: albendazole, closantel, ivermectin, levamisole, and moxidectin.
In view of the failure of traditional broad spectrum drugs, the recent launch of the active ingredient monepantel, of the class of aminoacetonitrile derivatives (AADs) , may offer an alternative for the treatment of helminth infections, associated with other integrated management tools (KAMINSKY et al., 2008a) .
This study aimed to evaluate the effectiveness of monepantel and levamisole in a flock of sheep with a history of resistance to macrocyclic lactones and benzimidazole.
MATERIAL AND METHODS
The study was conducted at the Capim Branco Experimental Farm of the Federal University of Uberlândia (UFU), in the municipality of Uberlândia, state of Minas Gerais, Brazil. The sheep flock comprises Santa Inês and Dorper crossbreeds. No new animals were introduced into this flock in the last four years prior to this study. To control gastrointestinal worms, the animals are monitored by means of fecal examinations and the FAMACHA © system. Whenever necessary, a selective treatment is administered with a subcutaneous dose of 7.5 mg/kg of levamisole. This 640 Effectiveness of monepantel… CIUFFA, A. Z et al flock was never treated with monepantel prior to this study, although there is a record of loss of efficacy of macrocyclic lactones and benzimidazoles. The effectiveness of levamisole and monepantel in this flock was monitored using the protocol described by Coles et al. (2006) , which compares the average reduction of EPG counts in groups of treated animals against an untreated control group, seven and fourteen days after administration of the active ingredients to be tested. To this end, 30 sheep were selected which presented a count of more than 150 EPG. A modified version of the Gordon and Whitlock (1939) method was used, which is sensitive to 50 EPG.
On day zero of the experiment, feces were collected, the animals were weighed, and the first two groups of sheep were randomly placed into one of three groups of 10 animals each: Monepantel (2.5 mg/kg, administered orally); levamisole (7.5 mg/kg, administered subcutaneously), and an untreated control group. The feces were sent to the Laboratory of Parasitic Diseases at UFU for determination of the EPG values by the Gordon and Whitlock (1939) method, and fecal culture was performed by the Roberts and O'Sullivan (1950) method. The morphological key proposed by Van Wyk et al. (2004) was used to identify the larvae recovered from the fecal cultures. The procedures for feces collection, EPG counts and fecal cultures for the three groups were repeated 7 and 14 days after administration of the anthelmintics.
The efficacy rate of the anthelmintics was calculated using RESO 2:01 software, based on the difference between the average post-treatment EPG count (day 7 and 14) of each group separately, and the average EPG count of the control group, also on day 7 and 14. For the anthelmintic to be considered efficient, the treated group should present a 95% reduction of EPG in relation to the control group, and the average 95% confidence interval must be higher than 90% (WURSTHORN; MARTIN,1990) . The program considers the results of fecal cultures and displays the EPG percentage reduction by worm genus.
RESULTS AND DISCUSSION
The average EPG counts were reduced after the administration of both the anthelmintics (Table  1) . The percentage reduction of EPG obtained with levamisole on days 7 and 14 was higher than 95% and fell within the predicted confidence interval. Upon converting the EPG values by the percentage of genera obtained from the fecal cultures, a reduction of more than 95% was also found for Haemonchus sp., Trichostrongylus sp. and Oesophagostomum sp. Thus, all the genera were considered susceptible to the active ingredient of levamisole (Table 1) .
The percentage reduction of EPG obtained with monepantel on days 7 and 14 was higher than 95%, except for Oesophagostomum spp., reaching values of 50% and 33% on days 7 and 14, respectively, which indicates low or initial resistance of the genus to the active ingredient ( Table 1) .
The results demonstrated that levamisole is still effective, even though this active ingredient has been used on the Capim Branco experimental farm for at least two consecutive years. It is possible that, as suggested by Torres-Acosta et al. (2012) and Park et al. (2015) , the targeted selective treatment based on FAMACHA © and fecal egg counts are being able to preserve Refugia population and thus, of maintaining drug effectiveness throughout this period.
The efficacy of levamisole is consistent with those described by Sprenger et al. (2013) , who reported the effectiveness of this active ingredient in doses of 9.00 and 6.75mg/kg administered to sheep on a farm in the municipality of Balsa Nova, state of Paraná, Brazil. On the other hand, several authors have reported the ineffectiveness of this drug in flocks of sheep in Brazil. Among 17 farms in the region of Jaguaribe, state of Ceará, 41% were resistant to levamisole (MELO et al., 2003) . This active ingredient was also reportedly ineffective in 44% of 9 farms in the state of Santa Catarina (ROSALINSKI-MORAES et al., 2007) and 86.7% of 16 farms in the state of Mato Grosso do Sul (SCZESNY-MORAES et al., 2010) .
The results of monepantel indicated the effectiveness of the active ingredient on Haemonchus sp. and Trichostrongylus sp., the genera most frequently involved in anthelmintic resistance reported in Brazil (VERÍSSIMO et al., 2012) After 25 years without the launch of any new anthelmintic drug, monepantel emerged as an alternative for worm control because of its high efficacy against several multidrug resistant nematodes and because it is well tolerated by sheep (KAMINSKY et. al., 2008b) . However, although it is a new molecule without a history of use in the animals of the Capim Branco experimental farm, monepantel did not prove effective against Oesophagostomum sp.
This result is in agreement with that reported by Kaminsky et al. (2009) , who obtained 99.8 to 100% of effectiveness in the elimination of Haemonchus sp. and Trichostrongylus sp. with a dose of 1.25 mg/kg. However, when these authors administered a dose of 2.5 mg/kg, the same as that used in this experiment, all the tested helminths were susceptible except Oesophagostomum venulosum and Chabertia ovina, which might indicate a reduced susceptibility or development of tachyphylaxis by Oesophagostomum sp. to aminoacetonitrile derivatives when compared to other strongylid nematodes. Hoskins et al. (2010) attested that the efficacy of the dosage of 2.5 mg/kg monepantel was 92.7% for a pool of different isolates of adult stages of O. venulosum, and that this could be the dose-limiting nematode and stage for the drug.
Besides the recent launch of monepantel into international market, resistance of Teladorsagia circumcinta (SCOTT et al. 2013) , Trichostrongylus colubriformis (SCOTT et al. 2013; CINTRA et al., 2016) and Haemonchus contortus (MEDEROS et al., 2014; VAN DER BROM et al. 2015) have been reported. Thus, we suggest that the effectiveness of monepantel in flocks should be monitored based on a combination of EPG counts and fecal cultures, and if necessary, substitute or associate it with other broad spectrum drugs. This might be even more important in geographic regions where Oesophagostomum spp. are prevalent. 
CONCLUSIONS

